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© Programmable plate bending machine. 

© A roll bending machine for bending plates or 
iron sheets with a programmable work cycle; a cen- 
tral processing unit (CPU) by suitable sensoring 
means (21, 30, 33, 34) controls the working positions 
of the rolls (12, 13, 14) of the bending machine 
adjusting them according to programmed data which 
can be modified each time by an operator or auto- 
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matically, according to the characteristics of the 
;. plate (15) being j worked. The use of a three-point 
sensing device (35) enables the diameter which the 
machine is conferring to the plate (15), to be con- 
trolled, intervening to make the necessary correc- 
tions. 
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The present invention relates to a roll bending 
or plate bending machine with a programmable 
working cycle, of the type whereby the bending 
machine comprises an upper draw roll for advan- 
cing the plate, a lower gripping roll and lateral rolls 
for bending the plate, said rolls being supported 
and connected to drive means in order to be 
moved towards and from the upper roll . Present 
invention is an evolution and a development of a 
previous application of the same applicant. 

When bending plates to form tubes or cylin- 
drical or frustoconical bodies and the like, with a 
traditional bending machine, the operator has to 
evaluate a number of critical parameters which 
each time have to be correctly calculated and 
controlled to obtain the finished piece with the 
required diameter or bend. During working the criti- 
cal parameters to be evaluated concern more par- 
ticularly the characteristics of the iron plate to be 
worked, such as thickness, its modulus of elasticity, 
the dimensions of the metal sheet or plate and the 
diameter of the finished piece. The very construc- 
tional and functional characteristics of the roll bend- 
ing machine may in some cases affect the bending 
operations. 

In present roll bending machines, an operator 
has initially to proceed by trial and error to estab- 
lish the correct value of the plate gripping pressure 
and the correct position of the lateral bending rolls, 
intervening, if necessary, to correct or adapt the 
working parameters of the machine so as to obtain 
the piece with the required diameter. Since the 
characteristics of the plate may vary within broad 
tolerances, the operator has to intervene frequently, 
on the basis of his personal experience, to adapt 
the machine to the different characteristics of the 
plate to be worked, without being able to ensure 
repeatability and constancy of results. 

There is therefore the need for a plate bending 
machine having a programmable working cycle, 
with which it is not only possible to take into 
account the intrinsic or inherent characteristics of 
the iron sheet which is to be bent at that time, but 
which if required is able to control its own cycle 
and the choice of the working parameters in rela- 
tion to reference data and/or preset working param- 
eters. 

Therefore, an object of the present invention is 
to provide a plate bending machine which is abte 
to perform all the working phases automatically, 
modifying each time the working parameters of the 
machine according to the characteristics of the iron 
sheet to be bent, thus ensuring repeatability and 
constancy of results. 

A further object of the present invention is to 
provide a roll bending machine for bending plate, 
as mentioned previously, which is not only able to 
control and modifing the working cycle automati- 



cally on the basis of a set program, but at the 
same time is capable of evaluating in advance 
some of the caracteristics of the new iron sheet or 
plate to be worked, and consequently to modify the 
5 working and functional parameters. 

These and further objects can be achieved by 
means of a plate bending machine with a program- 
mable cycle, haying the characteristic features of 
the claim 1. 

70 The invention is to be described in, greater 
detail hereinunder, with reference to the accom- 
panying drawings, which represent a preferred em- 
bodiment. In the drawings: 

Fig. 1 is a schematic view of a bend- 

15 ing machine according to the 

present invention; 
Figs. 2 and 3 are enlarged details, indicating 
the different arrangements of 
the rolls in two different phases 
20 of bending the plate. 

As shown in Figure 1, a roll bending machine 
with four rolls essentially comprises a support 
structure 10, an upper roll 11, suitably motorised 
for drawing the plate 15. a lower gripping roll 12 
25 designed to press the plate 15 against the upper 
roll 11. and two Jateral rolls 13 and 14 for bending 
the plate, suitably supported in a mobile manner to 
be raised and moved in a controlled manner to- 
wards the upper roll 11 to provide the plate 15 with 
30 the desired bend, as explained hereinunder. 

More particularly, in the example shown, the 
gripping roll 12 can be moved vertically towards 
the upper roll 1 1 . being supported at its ends by 
slides 16. (only one shown in the drawing). The 
35 slides 16 can be made to slide along guideways 17 
provided on shoulders of the structure 10 of the 
machine, for example by a cam device 18 driven 
by a hydraulic cylinder 19 or in another appropriate 
manner. 

40 Similarly, in the example shown, each of the 
lateral rolls 13 and 14 for bending the plate, is 
supported in order to move towards the upper draw 
roll 11, that is to say in order to move around an 
axis parallel to the rotational axis of the same roll; 

45 for this purpose each roll 13, 14 is supported at its 
ends by means of a pair of arms 20 pivoted to a 
rotation axis 21 so as to make each roll 13, 14 
perform an rocking or planetary movement along 
an arc of a circle concentric with said axis 21. The 

50 rolls 13 and 14 are supported for idle rotation by 
the arms 20 said rolls having the sole function of 
conferring the correct diameter to the plate 15 
during the bending operation. 
- The lateral rolls 13. 14 can be raised and 

55 lowered by any suitable drive means, for example 
by respective hydraulic cylinders 22 and 23 hinged 
to the structure 10 of the machine and, by their 
stem, to a respective arm 20 for supporting the 
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rolls. 

The various hydraulic cylinders of the machine, 
in particular for raising and lowering the gripping 
roll 12, the bending rolls 13. 14 and for raising and 
lowering the upper draw roll 1 1 in order to open the 
machine when a sleeve or finished piece has to be 
removed, as well as the rotation of the upper roll 
11, are driven by a hydraulic power unit 24 pro- 
vided with a set of solenoid valves 25, controlled 
by a programmable central processing unit which 
controls the entire working cycle of the machine. 

In particular, the processing unit which controls 
the operations of the bending machine, comprises 
a processor 26 (CPU), and a coprocessor 27 (CP) 
capable of carrying on a dialog or supplying and 
receiving data or information from a set of devices 
for controlling the various working axes of the ma- 
chine, respectively by a permanent memory EP- 
ROM 28 containing the general operating program, 
and by a volatile RAM 29 which can be pro- 
grammed with a specific working program by 
means of a standard programming keyboard. 

As mentioned, the machine comprises a set of 
control devices for sensing and revealing the work- 
ing parameters of the various working axes of the 
machine, or data and parameters characteristic of a 
plate being worked, which are supplied to the pro- 
cessor 26 and which are used to set and/or modify 
the working program written in the RAM 29. 

In particular the apparatus comprises a first 
encoder 30 or electric generator of coded signals 
for controlling the Z rotational axis of the upper roll 
11, a second and third signal generator or encoder 
31, 32 for controlling the X and Y axes by means 
of which it is possible to identify the angular posi- 
tion and hence the height of the lateral rolls 13 and 
14 of the bending machine; a fourth signal gener- 
ator, such as a linear transducer 33 in turn supplies 
an indication of the position of the lower roll 12 
along the W axis from which it is possible to 
evaluate the thickness of the plate 15; the trans- 
ducer 33 may alternatively be connected directly to 
the slide 16, as shown by the dotted line, or in 
another manner. Finally a pressure transducer 34 is 
provided to supply the CPU with a signal propor- 
tional to the oil pressure fed the cylinder 22 (P 
axis) which drives the raising of the front roll 13. 
that is to say the roll positioned on the insertion 
side and which will first deform the plate. This 
transducer 34 is capable of measuring, at numer- 
ous points of the linear sliding of the cylinder 22, 
the relevant hydraulic pressures required to per- 
form the first deformation of the plate by the front 
roll 13; these pressure values measured are sup- 
plied to the CPU and compared instantaneously 
with reference values or with other data already 
stored in the RAM by bending and deforming pre- 
vious plates, while performing a same working pro- 



gram. If the pressures revealed at the same points 
are different from the comparison ones, for plates 
of the same thickness, this means that the plate 
which is being worked at that time has a different 

5 yield point from that of previous plates, requiring 
therefore a different position of the rolls 13 and 14 
in order to be bent at the same diameter required; 
this is to be explained in greater detail hereinunder 
with reference to the mode of operation of the 

w apparatus. 

Likewise 35 denotes a three point sensoring 
means (L axis) by means of which the CPU is 
supplied with a signal indicating the actual bend 
diameter of the plate. This device can be of various 

r5 4 types and positioned differently being moved for 
example along a guide 36 (P axis), by means of a 
drive cylinder 37 or in another suitable manner; the 
device, by means of a linear reading system of 
digital type, or analogic, magnetic, light or sound 

20 emission type or laser, senses the diameter which 
the machine confers to the plate during bending, 
instant by instant. 

The machine can operate by manually per- 
forming the working program or automatically. 

25 

Preliminary operations 

The operator must first set up the machine for 
working, by resetting and bringing the two lateral 

30 rolls 13 and 14 into a totally low position, at the 
lower end of their stroke. The gripping roll 12 is 
instead raised to an high position, bringing it into 
mechanical pressure against the upper roll 11 
reaching a preloading value determined by a rela- 

35 tive hydraulic valve for setting the drive cylinder 
19. 

After having set the machine, the operator pre- 
pares it to receive a first plate to be bent by 
actuating the rise of the rear roll 14, which is 

40 opposite the plate insertion side (X axis). The posi- 
tion of the roll 14 is sensed by encoder 32 which 
transmits its signal to the CPU to enable reading of 
the roll height on a suitable display. Ttie operator 
will then bring the lower roll 12 (W axis) down 

45 completely so as to "open the machine" to enable 
a plate 1 5 to be inserted. 

The first plate is then inserted arranging it 
horizontally between, the rolls, moving it forward to 
rest against the rear roll 14 to achieve perfect 

so squaring. The rise of the lower roil 12 is then 
actuated so that it moves the plate 15 upwards 
until pressing the same, with the preloading pres- 
sure previously set, against the upper roll 1 1 , grip- 
ping it against the latter in a tight grip. 

55 The position sensor 33 of the. lower roll 12 (W 
axis), which was cleared when the lower roll 12 had 
been previously brought into contact with the roll 
11. will now indicate a value equaJ to the thickness 
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of the plate 15; this plate thickness must be con- 
sidered as a "nominal" thickness for constructing 
the bending program. 

At this point there are three possibilities of 
setting the working program of the machine, more 
precisely: 

Manual construction of the base program 

When constructing the main working program 
of the machine, the operator, by setting the ma- 
chine on manual control, commands the perfor- 
mance of all the sequences which, by moving and 
deforming the plate, would cause it to bend to the 
required diameter. The unknown data to be sought 
by trial and error, in this manual working phase, are 
in practice only the positions of the two lateral rolls 
13 and 14 (X and Y axes). Once these two posi- 
tions have been identified, the working program is 
stored, step by step, by means of the standard 
programming keyboard of the CPU which will pass 
the information received, such as program steps, in 
an area of the RAM, assigning to each program 
step the axis to be controlled and the position to 
reach. In practice the program is constructed while 
the piece is formed manually, entering the move- 
ments performed by the operator into the memory 
step by step. 

The stored base program can ensure that the 
machine repeats the same identical movements at 
each start-up. Nevertheless, this is not sufficient for 
ensuring that the result of working is identical for a 
set of plates, since it is impossible to be certain 
that by working various plates, with the same pro- 
gram, positioning the lateral rolls 13 and 14 (X and 
Y axes), which confer the final diameter to the 
plate, always at the same positions, the tubular 
bodies produced by the machine all have the same 
diameter, this however being the target to be 
achieved by the operator. 

These possible differences are due mainly to 
two variables and more precisely to the fact that 
the thickness and elastic limit or yield point of the 
plates worked successively, on a same machine, 
are not always identical to each other due to the 
dimensional tolerances and the variations in the 
physical characteristics of the plates which are 
commercially available. 

These differences can be detected by means 
of the control apparatus described previously, and 
at this point the apparatus can intervene to com- 
pensate automatically should a difference in thick- 
ness and/or elastic limit or yield point be found in 
the plate. 

Automatic compensation of differences in thickness 
Once the first operation has been performed, 



when a successive plate is to be inserted between 
the rolls to obtain the same diameter, during the 
gripping phase of the plate between the lower roll 
12 and the upper roll 11, the sensor 33 for sensing 

5 the thickness of the plate will indicate with extreme 
precision what is the real thickness of the plate 
which is about to be worked (W axis). The data 
item relating to the W axis, supplied by the trans- 
ducer 33, is transmitted to the CPU which will pass 

w the information in the RAM and will make a com- 
parison with the similar data of the base program 
previously set. If the comparison reveals identical 
thickness, the base program previously stored by 
the operator will be run normally, maintaining the 

15 values and the positions of the lateral rolls already 
in the memory. If on the other hand the comparison 
of the thickness reveals a difference from that 
stored in the base program, there are two possible 
responses: should the difference in thickness be 

20 too high compared to the reference percentage 
value established, this information will be revealed 
on the appropriate display of the CPU as an alarm 
indication to the operator, suggesting that a further 
program suitable for that different plate be run. 

25 Should however the difference in thickness be 
within acceptable percentage limits, for example 
within a limit of ± 10%, the apparatus itself is 
"capable of entering the appropriate corrections in 
order to modify the working parameters, restricted 

30 to the running of the working program, automati- 
cally modifying the positioning parameters of the 
lateral rolls to adapt them to the new and different 
thickness. In this manner it compensate the thick- 
ness difference of the new plate to confer likewise 

35 to the latter the same diameter obtained previously. 
This possibility of automatic correction is ob- 
tained on the basis of the percentage variation 
•measured in the plate thickness, according to mul- 
tiplicative factors of compensation of the positions 

40 for rolls 13 and 14,' stored in the RAM, contained in 
the general operative program of the non-volatile 
EPROM of the processing unit. Therefore the CPU, 
having acquired the conection factors from the file 
of the RAM, will run the modified program bringing 

45 the lateral rolls 13 and 14 of the bending machine 
to the new positions determined according to this 
compensation factor. Obviously, once the working 
of that plate has ended, these compensation modi- 
fications will be t deleted and the CPU will automati- 

50 cally return to the main working program stored in 
the RAM. 

Automatic compensation of differences in elastic 
limit ~~ 
55 ~ 

As mentioned previously, another element 
which may determine a variation in the reaJ diam- 
eter of the worked tubular piece is the elastic limit 
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of the plate used. In fact a harder plate must be 
formally worked with a greater bend, compared to 
a plate of the same thickness but softer, in such a 
way that the elastic spring back which the bent 
plate undergoes, causes the piece to have an ex- 
ternal diameter equal to the required nominal diam- 
eter. It is therefore necessary to adjust the lateral 
shaping roll which bends the plate, modifying its 
position according to a coefficient of correction of 
the value of the elastic limit measured. 

In order to enable automatic compensation of 
the working program in the event of the plate 
having a different elastic limit value, compared to 
the sample plate, in relation to the reference data 
stored during programming of the base program, 
as related previously, it is therefore necessary to 
be able to control the working pressure of the 
hydraulic unit. This is made possible by using the 
pressure transducer 34 (P axis) which is capable of 
supplying the CPU with a signal proportional to the 
pressure value necessary in the cylinder 22 to 
raise the front roll 13. or in the foreground, to the 
preset position, a pressure which depends on the 
greater or lesser elastic strength exerted by the 
iron sheet or plate during working. In fact, on the 
basis of the principle whereby a harder plate is 
also more difficult to deform, therefore requiring a 
greater working pressure, as already explained, an 
automatic program is loaded in the RAM for acquir- 
ing pressures obtained during performance of the 
first working by the operator: in practice, while the 
operator runs the base program and therefore 
bends the first plate, on the basis of the pressure 
acquisition program a scale of values is construct- 
ed in the RAM during the rise of the lateral roll in 
the foreground, or front roll, in the example case 
the left lateral roll or Y axis in Figure 1. In practice 
the RAM receives from the CPU the data relating 
to the pressure values supplied by the pressure 
transducer 34 and the values of the positions of the 
lateral roll 13 supplied by the angular transducer or 
encoder 31 thus building a table of the values of 
the ascent of said roll, storing in practice the hy- 
draulic working pressure values which are found at 
each percentage variation preset by the vertical 
rising stroke of the roll 13. required for deforming 
the plate. When the operator inserts subsequent 
plates, if these have identical characteristics to the 
previous plate or sample plate, that is to say if they 
have the same elastic limit, the hydraulic pressures 
which the pressure transducer 34 (P axis) will read 
in correspondence with the same percentages of 
stroke of the roll 13, will be identical to those 
stored previously. If the CPU. when carrying out 
the comparison, finds that the pressure values 
measured for the plate being worked and the pres- 
sure values of the comparison table previously 
stored are identical, on reaching a preset percent- 



age value of the position of the front roll 13, for 
example on reaching 80% of the stroke, i.e. before 
the roll reaches its final programmed position, the 
CPU will not enable the comparison with the con- 
5 ' ditions of the pressure acquisition program loaded 
previously, allowing instead the run of the base 
work program according to data acquired initially, 
until the positions set are reached normally. 

Should however the comparison between the 
to measured pressure values with the stored pressure 
values, for identical roll positions, show a variation, 
the CPU. on the basis of the program conditions 
existing in the RAM, relating to the acquisition and 
• comparison of the pressure values obtained by the 
rs transducer 34, having received the latest measure- 
ment at the greater comparison position, equal to 
80% of the maximum program position, as related 
previously, will compare the new pressure values 
with those of the table of sample data previously 
20 stored, present in the file of the RAM, detecting 
..that the plate being machined is different from the 
one of the base program. In this case there are two 
possible responses: should the difference in elastic 
limit be too high, this information is indicated on 
25 the appropriate display as an alarm indication for 
the operator, suggesting to him to create a further 
program more suitable for that particular type of 
plate. Otherwise, should the difference in elastic 
limit be below an acceptable percentage value, for 
30 example below ± 10%, the apparatus automatically 
modifies the working parameters by adjusting the 
position of the lateral rolls 13, 14 to the new elastic 
limit value of the plate, thus compensating this 
difference to confer the plate with the same dianv 
35 eter obtained previously in this case too. 

This possibility of automatic correction is ob- 
tained on the basis of the percentages of variation 
in the pressures measured, according to multiplica- 
tive compensation factors preprogrammed and 
40 prestored in the RAM. In fact, on the basis of the 
percentage of variation of the elastic limit, the EP- 
ROM has entered in the RAM coefficients of incre- 
ment or decrement of the final height which the 
lateral rolls 13, 14 (X and Y axes) must reach in 
45 order to confer the plate being worked with the 
same diameter, envisaged for the main program. 
Therefore, having acquired these multiplicative fac- 
tors from the RAM file, the CPU will run the work 
program bringing the lateral rolls 13, 14 to the new 
so positions compensated by the multiplicative factors 
identified. Obviously once working of this plate has 
ended, these compensation modifications will be 
deleted, resetting the base work program of the 
machine.. 

55 

Geometric construction of the Program 

According to the invention there is the possibil- 
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ity of "geometric 0 construction of the main working 
program of the machine. In this case the operator, 
by means of the appropriate programming key- 
board of the CPU, communicates to the apparatus, 
writing them in the RAM. the characteristic data of 
the reference plate, such as size of the sheet, 
elastic limit of the material and thickness, as well 
as the working data required such as final outer 
diameter of the piece to be obtained. The EPROM 
will then take these data from the RAM and will 
apply them to calculation formulae already stored 
inside a coprocessor 27 which will calculate the 
data of a main working program which, through the 
EPROM, will be communicated to the RAM which 
will control them in a similar manner to the pro- 
gram constructed manually by the operator. 

The above is made possible thanks to a series 
of analytical formulae stored in the coprocessor, 
which can be obtained from experimental data, 
which comprise some variable parameters such as 
those relating to the dimensions of the plate, its 
thickness, elastic limit, and to the diameter to be 
obtained, as well as other fixed parameters with the 
aim of processing these data so as to construct a 
work program automatically with indications of the 
value of pressure for gripping the plate, the posi- 
tions of the shaping rolls 13, 14 and the value of 
the diameter of the bent part. 

Naturally, by basing this programming on theo- 
retical formulae, even if derived from experience, 
and having to acquire, as is known, a data whose 
real value is often unknown, such as the elastic 
limit of the plate, it is possible that when running 
the program automatically, at the first attempt a 
different diameter from the one required is ob- 
tained. Therefore, by means of the information ob- 
tained by measuring the piece directly or in an- 
other way, the operator communicates the real 
value of the diameter effectively obtained to the 
apparatus, keying it in on the programming key- 
board so that the EPROM retransfers this data to 
the coprocessor to compare it with the one pre- 
viously processed and thus, bearing in mind the 
error obtained, modifies the program to adjust the 
position of the lateral rolls (X and Y axes) slightly 
so as to obtain the required diameter. Naturally, 
even if the second result were to involve some 
slight differences, the operation may be repeated 
to correct the program further, in this way op- 
timising the result. 

Controlled automatic construction of the program 

With the apparatus according to the invention a 
third solution is possible which enables a controlled 
and automatic construction of the main working 
program. In pratice it is a question of repeating the 
previous operations with the addition of a phase of 



instantaneous compensation of the program during 
working achieved by using the transducer 34 pre- 
viously mentioned. In practice, after the coproces- 
sor has calculated the positions to which the lateral 
5 rolls 13, 14 are to be brought, in the manner 
illustrated previously, by launching the program, 
the sensing element 35 for measuring the diamter 
is actuated and which, during the forward move- 
ment of the plate, checks that the diameter being 
w conferred to the piece is exactly the one required. 
In practice, as related previously, the three-point 
sensor 34 is a control means which reads the 
diameter of the bent plate on the basis of the 
calculation principle of the chord of a circumfer- 
75 ence; therefore, in the event of it sensing a dif- 
ference, it supplies the CPU with a signal on the 
basis of which the error is immediately compen- 
sated modifying the position of the lateral roll which 
is performing the working in such a way as to 
20 obtain the diameter required. In practice the sens- 
ing device 35 is brought into contact with the bent 
plate, as shown in Figure 2, to which it adheres 
with the two external contact points which have a 
known fixed distance between them, and reads, by 
25 means of an intermediate sensor, the position of 
the mean point of the section of circumference 
between the two end points. Since the coprocessor 
27, on the basis of calculation formulae set, has 
calculated in advance for each program what this 
30 measurement must be, while the plate is deformed 
and bent by the machine, the device reads with a 
certain frequency the real bend and communicates 
it constantly to the CPU; the latter transmits it to 
the coprocessor which compares it with what has 
35 already been processed and with the position of 
the roll which the required diameter should deter- 
mine. If the data received from the reading of the 
diamejer of the plate during working is identical to 
that calculated by the coprocessor, this confirms 
40 that the diameter being formed on the machine 
coincides with the one required, in this way main- 
taining the position of the lateral roll. If,, on the 
contrary, the value read by the device differs from 
the theoretical value calculated by the coprocessor, 
45 the latter identifies the error instantaneously, evalu- 
ates its geometric characteristic, that is to say it 
identifies whether the piece being worked has a 
more open or more closed diameter than the one 
required, and consequently modifies the position of 
50 the lateral roll by raising it, if the diameter is too 
open, or lowering it if the diameter is too. closed, 
thus restoring the required result. This action is 
controlled by the CPU which transmits the appro- 
priate control pulses to the solenoid valves 25 
55 which control the movement of the lateral rolls. The 
subsequent new sensing of the measurement by 
the three-point sensor 35 enables the position 
reached by the rolls to be maintained, if the diam- 
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eter is the correct one, or carries out a new correc- 
tion in the case of further error. 

From what has been said and shown it can 
therefore be understood that a plate bending ma- 
chine is provided with innovative characteristics 5 
due to the provision of an operative system for 
controlling working which enables the working pro- 
gram to be adapted to the real characteristics of 
the plate being worked, giving the possibility of 
adapting each time, both manually and automati- io 
cally, the data of the working program being run, to 
restore them to the values of a preset main working 
program. The great working versatility which the 
machine thus has, enables working to be per- 
formed with great precision, ensuring that the re- 15 
quired results are obtained in terms of mainten- 
ance of the diameters of the worked parts, with 
extremely narrow tolerances which cannot be ob- 
tained on traditional plate bending machines. 

It is therefore intended that what has been said 20 
and shown with reference to the accompanying 
drawings has been given purely by way of an 
example of the general solution idea of the present 
invention, and that the various control and data 
sensing devices may also be modified or changed 25 
in relation to what is shown, without thereby depart- 
ing from the innovative principles which are 
claimed. 

Claims 30 

1. A programmable plate bending machine com- 
prising an upper roll (11) for drawing a plate 
(15), a lower roll (12) for gripping the plate 
(15), and lateral bending rolls (13, 14), said 35 
lower gripping roll (12) and said lateral bending 
rolls (13, 14) being movably supported towards 
the upper roll (11), and control means (19, 22, 
23) for raising and lowering the aforementioned 
rolls (12, 13, 14) so as to bend the plate (15) 40 
with a preset nominal diameter, characterised 
in that it comprises signal generating means 
(21, 33) for generating electric signals indicat- 
ing the positions of the lower roll (12) and 
lateral rolls (13, 14) respectively, as well as 45 
program means (26, 27. 28, 29) for program- 
ming the working cycle of the machine, said 
program means comprising a central process- 
ing unit (26) having a first memory (EPROM) 
for storing the operative program of the bend- so 
ing machine and a second programmable 
memory (RAM) which can be programmed 
with a main working program, said processing 
unit (26) being operationally connected to said 
signal means for generating positioning signals 55 
for said movable rolls (12, 13, 14) respectively 
to the aforementioned control means (19. 22, 
23) said second memory (RAM) being prog- 



rammable to store said main working program 
of the bending machine on the basis of data 
received from the aforementioned signal 
means (21 , 33), 

2. A bending machine according to claim 1 fur- 
ther characterised in that it comprises program 
means (28, 33) for automatically compensating 
the position of the lateral rolls (13, 14), accord- 
ing to a difference in thickness of the plate (15) 
being worked, in relation to the value of the 
thickness of a reference plate, stored in the 
main program. 

3. A bending machine according to claim 2, 
characterised in that said program means (28, 
33) for compensating the position of the lateral 
rolls (13, 14) comprise a control device (21, 
33) for measuring the thickness of the plate, 
said control device (33) being connected to 
data input of the processing unit (CPU) to 
supply a data indicating the real thickness of 
the plate (15) to be machined, said processing 
unit (CPU) being programmed to compare the 
data received with data of a memorised com- 
parison table indicating the final positions of 
the lateral rolls (13, 14) in relation to different 
thicknesses of plates (15) provided in the main 
working program of the processing unit (CPU), 
and subsequently modifying the data of the 
main working program to vary the. positions of 
the lateral rolls (13. 14) so as to bend the plate 
being worked with the same nominal diameter 
of said main working program. 

4. A bending, machine according to claim 3, 
characterised in that said thickness control de- 
vice (21, 33) for measuring the thickness of the 
plate (15) is operatively related to said lower 
gripping roll (12). 

5. A bending . machine according . to claim 4, 
characterised in that said thickness control de- 
vice for measuring the thickness of the plate 
(15) comprises said lower gripping roll (12), 
said control means (19) for controlling the 
movement of the roll (12) and a resettable 
sensing means (33) for sensing the position of 
the lower gripping roll (12) in relation to the 
upper drawing roll (11). 

6. A bending machine according to claim 5, 
characterised in that said sensing means (33) 
for sensing the position of the gripping roll (12) 
is a linear sensor connected to a supporting 
slide (16) for the roll (12), alternatively to said 
control means (19). 
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7. A bending machine according to claim 2, 
characterised in that, in the case whereby the 
detected plate thickness exceeds a preset val- 
ue in the main working program of the ma- 
chine, said processing unit (CPU) supplies an 
alarm signal, preventing said working program 
from being run. 

& A bending machine according to claim 1, fur- 
ther characterised in that it comprises control 
means (25, 34) for automatically compensating 
the positions of the lateral rolls (13. 14), ac- 
cording to a difference in the elastic limit de- 
tected in the plate (15) being worked, in rela- 
tion to a stored reference value of the main 
program. 

9. A bending machine according to claim 8, 
characterised in that said control means for 
compensating the position of the lateral rolls 
(13, 14) according to the detected elastic limit 
of the plate (15), comprise a control device 
(34) for detecting the stress initially exerted by 
at least one of the lateral rolls (13, 14) in 
bending the plate (15) being worked, said con- 
trol device (34) being connected to the data 
input of the processing unit (CPU) the latter 
being programmed to compare the detected 
data with similar comparison data of the stress 
values for bending a reference plate (15) con- 
tained in the main working program, subse- 
quently modifying the data of the main working 
program to vary the position of the lateral roll 
(13, 14) as a function of compensation factors 
of a comparison table between said elastic 
limit values and the roll positions contained in 
the main program, to bend the plate (15) being 
worked with the same nominal diameter. 

10. A bending machine according to claim 9, 
characterised in that it comprises control 
means (22, 34) for measuring the stress values 
for bending a plate (15) for a series of succes- 
sive time instants, and program means (CP) to 
carry out said comparison when the lateral roll 
(13, 14) reaches a pre-established position pre- 
ceding the maximum upper position of the 
same roll (13, 14) according to the main work- 
ing program of the machine. 

11. A bending machine according to claim 9, 
whereby the control means for moving the 
lateral rolls (13. 14) comprise hydraulic control 
cylinders (22, 23) characterised by comprising 
a pressure transducer (34) in the feeding con- 
duit for feeding pressurised fluid to the ab- 
ovementioned control cylinder (22), in which 
the signal output of said transducer (34) is 



operationally connected to the data input of the 
processing unit (CPU), said stress values for 
bending the plate (15) being revealed by the 
pressure values of the hydraulic fluid fed to 
5 said control cylinder (22). 

12. A bending machine according to claim 10. 
characterised in that in the case whereby when 
the lateral roll (13, 14) reaches said pre-estab- 

70 lished position there is a difference in bending 
stresses greater than a value preset in the 
main program, said processing unit (CPU) sup- 
plies an alarm signal preventing that working 
program from being run. 

75 

13. A bending machine according to claim 1. 
characterised in that said processing unit 
(CPU) is connected to a coprocessor (CP) pro- 
vided with a program for calculating data of a 

20 working program, starting from settable data in 
the programmable memory (RAM) relating to 
characteristics of the plate (15) to be worked, 
in particular the thickness, the width and the 
' ' elastic limit, as well as the nominal diameter of 

25 said plate (15), said coprocessor (CP) auto- 
matically calculating the position which the lat- 
eral rolls (13, 14) must assume as a function of 
said settable data. 

30 14. A bending machine according to claim 1. 
characterised in that it comprises a control 
device (35) for controlling the diameter con- 
ferred to the plate (15) during bending, and 
drive means (37) for moving said diameter 

35 control device (35) between a close position, 
touching the plate (15) to be bent, and a posi- 
tion far from the abovementioned plate (15). 

15. A bending machine according to claim 14 
40 characterised in that said diameter control de- 

.. vice (35) comprises a three points sensing 
means arranged along the chord of an arc of 
the bending circle of the plate (15) being 
worked, and in that the signals supplied by this 
45 control device (35) are fed to the data input of 
the processing unit (CPU) to be entered in a 
calculating program for the envisaged bending 
diameter in a. coprocessor (CP) connected to 
the abovementioned processing unit (CPU). 

50 

16. A bending machine according to claim 15 
characterised in that said calculating program 
of said coprocessor (CP) comprises a table of 
theoretical values of the length of chords sub- 

55 tended between the three points of said sens- 
ing means (35), as a function of a set of 
nominal bending diameters, and in that said 
coprocessor (CP) makes a comparison of the 
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measured values of the cord length with a 
theoretical value of said table, identifying any 
error on the basis of which the processing unit 
(CPU) provide a control signal to said control 
means (22, 24, 25) for moving said lateral 5 
bending roll (13, 14). 
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